Background: ODM-201, a new-generation androgen receptor inhibitor, has shown clinical efficacy in prostate cancer (PCa). Quantitative methods are needed to accurately assess changes in bone as a measurement of treatment response. The Bone Scan Index (BSI) reflects the percentage of skeletal mass a given tumour affects. Objective: To evaluate the predictive value of the BSI in metastatic castration-resistant PCa (mCRPC) patients undergoing treatment with ODM-201. Design, setting, and participants: From a total of 134 mCRPC patients who participated in the Activity and Safety of ODM-201 in Patients with Progressive Metastatic Castration-resistant Prostate Cancer clinical trial and received ODM-201, we retrospectively selected all those patients who had bone scan image data of sufficient quality to allow for both baseline and 12-wk follow-up BSI-assessments (n = 47). We used the automated EXINI bone BSI software (EXINI Diagnostics AB, Lund, Sweden) to obtain BSI data. Outcome measurements and statistical analysis: We used the Cox proportional hazards model and Kaplan-Meier estimates to investigate the association among BSI, traditional clinical parameters, disease progression, and radiographic progression-free survival (rPFS). Results and limitations: In the BSI assessments, at follow-up, patients who had a decrease or at most a 20% increase from BSI baseline had a significantly longer time to progression in bone (median not reached vs 23 wk, hazard ratio [HR]: 0.20; 95% confidence interval [CI], 0.07-0.58; p = 0.003) and rPFS (median: 50 wk vs 14 wk; HR: 0.35; 95% CI, 0.17-0.74; p = 0.006) than those who had a BSI increase >20% during treatment. Conclusions: The on-treatment change in BSI was significantly associated with rPFS in mCRPC patients, and an increase >20% in BSI predicted reduced rPFS. BSI for quantification of bone metastases may be a valuable complementary method for evaluation of treatment response in mCRPC patients. Patient summary: An increase in Bone Scan Index (BSI) was associated with shorter time to disease progression in patients treated with ODM-201. BSI may be a valuable method of complementing treatment response evaluation in patients with advanced prostate cancer. 
1.

Introduction
Prostate cancer (PCa) is the most common primary cancer in men in Europe and the second-most common cause of cancer death in the European male population [1] . Despite initial treatment in the early stages of the disease, many patients still progress to metastatic castration-resistant PCa (mCRPC) [2] . This phase is characterised by a persistent, high-level androgen receptor (AR) function and has been related to lower survival rates [3] . AR signalling can be targeted at different levels, and its inhibition is the aim of the development of new drugs [4] . ODM-201, a potent oral, new-generation androgen inhibitor, binds to the AR with high affinity and inhibits the receptor function by blocking its nuclear translocation. ODM-201 recently showed encouraging results in a phase 1 and 2 clinical trial (Activity and Safety of ODM-201 in Patients with Progressive Metastatic Castration-resistant Prostate Cancer, or ARADES) in patients with progressive mCRPC. The drug is well tolerated and exhibits high antitumour activity in both chemotherapy-naïve patients (prechemotherapy) and chemotherapy-treated patients (postchemotherapy) [5] .
Biomarkers are measurable parameters with an important role in the prognostic evaluation of PCa patients when predicting the response to treatments and monitoring the disease. The Bone Scan Index (BSI) is a recently validated imaging biomarker and the most objective quantification method currently available for measuring tumour burden in bone [6] . It represents the percentage of the total skeletal mass affected by metastasis, and it can be calculated automatically from images acquired in bone scintigraphy, the most widely used imaging modality in this group of patients [7] . The value of the BSI has been studied in mCRPC patients treated with docetaxel [8] and more recently in the context of a randomised, phase 2, placebo-controlled trial of mCRPC patients treated with tasquinimod [9] , showing that the BSI strongly correlates with overall survival (OS). The definition of end points is of the utmost importance in clinical trials, and in daily clinical practice, end points earlier than OS could have added value, for example, in decisions about whether to continue or change treatment at earlier stages [10] .
In mCRPC, bone is the most commonly affected tissue, and clinical or biologic parameters related to bone metastases have a major prognostic value [11] . Therefore, the study of an objective biomarker such as the BSI was of interest for the evaluation of patients with bone metastasis undergoing ODM-201 treatment. Thus, in this group of patients, we decided to study the prognostic value of tumour status in bone pre-and posttreatment. As far as we know, this is the first report of the BSI used for patients undergoing AR inhibitor treatment as part of a clinical trial. The aim of this study was to evaluate the prognostic value of the BSI at baseline and the value of on-treatment change in the BSI from baseline as a biomarker of response to treatment with ODM-201 in mCRPC patients. We also studied possible associations between the BSI and other prognostic biomarkers, such as prostate-specific antigen (PSA), circulating tumour cells (CTC) count, and CTC conversion, as well as the value of the BSI in predicting time to radiologic progression in soft and bone tissue and radiographic progression-free survival (rPFS).
2.
Materials and methods 
Data management
Bone scan data obtained for central review were transferred to Skå ne University Hospital, Malmö , Sweden, for BSI analysis. The BSI value was At baseline, we used a threshold of BSI = 1.0, which has been used in previous studies [9, 12, 13] , to stratify patients. At follow-up, we used a BSI value increase from baseline to follow-up of at least 0.01 to stratify the patients according to the presence or absence of any BSI value change. When evaluating BSI percentage change, we used the threshold of a 20% BSI increase to stratify patients. We chose this last value based on close approximation to the median BSI percentage change value.
Clinical data (age, PSA, and CTC count) were derived from the ARADES database at Orion Pharma (Espoo, Finland).
Outcome measures
We used the following five outcome measures in the statistical analysis [5] : (1) PSA progression was defined as a PSA increase >25%
and >2 ng/ml above the documented nadir in two consecutive visits at least 3 wk apart; (2) 
Statistical analysis
We assessed the association between BSI value and the other prognostic biomarkers by using Cox proportional hazards regression models and 
Results
The patient characteristics of the total ARADES population (n = 134) and of the BSI study group (n = 47) are summarised in Table 1 . The BSI study group was well balanced and showed baseline characteristics similar to those of the total study population [5] . These 47 patients had received previous treatment as follows: prechemotherapy/CYP17i naive (n = 20), postchemotherapy/CYP17i naive (n = 16), and post-CYP17i (n = 11). BSI analysis by the blinded bone scan reviewers produced a high level of agreement, showing an identical outcome in all but a few (<5%) cases for which consensus among readers was reached.
Baseline BSI values ranged between 0 and 9.6 (median: 0.5 [standard deviation (SD): 2.5]). When analysing the BSI study group (n = 47), patients with a baseline BSI value <1 (n = 28) had a significantly longer median time to progression in bone than patients with a baseline BSI value >1 (n = 19; median not reached [NR] vs 35 wk; hazard ratio [HR]: 0.25; 95% confidence interval [CI], 0.09-0.66; p = 0.006) (Fig. 2) . PSA percentage change from baseline, soft tissue response, bone response, and CTC conversion did not correlate with BSI values at baseline, but CTC change 
from baseline showed a negative correlation with BSI values at baseline when using Spearman's correlation coefficient measure (r = À0.40; p = 0.03) ( Table 2) . BSI value change from baseline also correlated with time to progression in bone when analysing the BSI study group (n = 47); patients who had a decrease or no increase in BSI value during the study (n = 17) had a significantly longer time to progression in bone than those showing an increase in BSI value of at least 0.01 from baseline to follow-up (n = 30) (median NR vs 39 wk; HR: 0.24; 95% CI, 0.07-0.84; p = 0.025) (Fig. 3) . PSA progression did not show a significant statistical correlation with BSI value change, but using the Pearson correlation, soft tissue response and CTC change from baseline were correlated with BSI value change from baseline (r = 0.50, p = 0.042, and r = 0.66, p < 0.001, respectively) ( Table 2) .
When analysing the BSI study group (n = 47), a decrease in BSI percentage change or an increase in BSI percentage change from baseline to follow-up of up to 20% (n = 27) was associated with a significantly longer median time to progression in bone (Fig. 4) and rPFS ( Patients who presented with a BSI value >0 before ODM-201 treatment initiation (n = 36) showed baseline BSI values Table 2) . When analysing all subgroups with different pretreatments, among the prechemotherapy/CYP17i-naïve patients (n = 20), 15 patients showed a decrease or only a small increase in BSI percentage change from baseline to followup, at most 20%. These patients had a significantly longer time to PSA progression (median: 72 wk vs 25 wk; HR: 0.2; 95% CI, 0.05-0.83; p = 0.027) (Fig. 6 ) than those with an increase >20% (n = 5). Patients from the other two pretreatment subgroups-postchemotherapy/CYP17i naïve (n = 16) and post-CYP17i (n = 11)-did not show significant differences in time to PSA progression related to BSI percentage change (p = 0.34 and p = 0.99, respectively).
Discussion
The present study shows that mCRPC patients with a baseline BSI value >1 had a significantly shorter median time to progression in bone involvement than mCRPC patients with a baseline BSI value 1. We was also observed that patients with a decrease or at most a 20% increase from baseline BSI value had a significantly longer time to progression in bone and rPFS than those with an ontreatment BSI increase >20% during treatment. In the subpopulation of prechemotherapy/CYP17i-naïve patients, those who had only small on-treatment increases (<20%) in BSI value had a significantly longer time to PSA progression than when analysing all the subgroups together.
Results from the present study are in accordance with previous studies showing that baseline BSI values could be used as a prognostic biomarker in PCa [6, 12, 13] .
Furthermore, this study supports the use of the BSI for treatment monitoring as indicated by previously observed strong correlations between BSI value changes from baseline and survival in PCa at different disease stages [8, 9, 12, 15] . The present study adds to previous results suggestive of the clinical utility of the BSI in advanced PCa as an adjunct to established biomarkers. It could be of value for patient stratification and for quantitative assessment of treatment effects on bone metastases in clinical trials on top of known clinical and biologic parameters with prognostic value [11, 16] .
As the number of emerging candidate drugs for the treatment of mCRPC rapidly increases, new tools are needed to identify target patient populations more objectively and reproducibly and to individualise treatment. The use of the BSI at baseline as a prognostic tool for better risk stratification before treatment decisions has now been demonstrated in different studies [6, 12, 13] . There is also a need for tools that assist an the objective follow-up of bone status after treatment initiation. Use of the BSI during treatment could guide clinicians in identifying which patients would benefit from a certain therapy and should remain on treatment and which patients would no longer benefit from treatment and therefore should be offered other types of therapy. In clinical trials, parameters with demonstrated surrogacy to OS are desperately needed in CRPC, and change in BSI values during treatment is a potential candidate.
The limitations of the bone scintigraphic technique itself include the risk of false-positive signals caused by a flare reaction induced by the initiation of a new treatment. Flare phenomena occur most commonly during the first 3 mo of treatment, but the duration of this local reaction in bone tissue after induced cell death may vary. Therefore, we decided to include only patients who had a follow-up bone scan at 12 wk or more from the start of treatment with ODM-201 in accordance with the Prostate Cancer Working Group 2 guidelines [17] . Despite precautions taken to avoid false positive-signals because of flare and despite the absence of any such signs upon visual inspection of the bone scans, the influence of flare phenomena cannot completely be ruled out in this investigation. In future studies, it may be advisable to include a further follow-up bone scan examination at 6 or 9 mo after treatment initiation.
Patients were enrolled at 23 different hospitals in Europe and the United States, and this could partially explain the heterogeneity of the image data in both bone scans and computed tomography scans. The low number of evaluable images of sufficient quality resulted in a reduced number of observations, which could in some cases have limited the power to detect statistically significant differences. In future studies, it may be advisable to include specific resolution requirements in the image protocol for further imaging analysis.
Because the BSI enables us to quantify the tumour burden in bone and its changes after therapy, it is a useful imaging biomarker that could be used to enhance the prognostic evaluation of patients undergoing clinical trials. Despite the increasing number of available biomarkers in the field of PCa research, there is still a need for more 
quantifiable prognostic biomarkers that can be used not only for research purposes but also for routine clinical situations when stratifying the patient population and monitoring the response to treatment given. Therefore, further investigation is warranted of the BSI in the context of prospective clinical studies.
Conclusions
The BSI measured at baseline is related to median time to progression in bone in mCRPC patients treated with ODM-201, and on-treatment increases in BSI values is associated with a shorter time to PSA progression, a shorter time to progression of the disease in bone, and a shorter rPFS. The BSI as an imaging biomarker for quantification of bone metastases could be a valuable complement to traditional methods for evaluation of treatment response in mCRPC patients undergoing clinical trials.
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